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COMPLETE SPEOnCAnON. 

ImprovBiuents in or ttiaiiDg to ihe Sepaiatioii of OxgasoiG Kiztmes. 


We, SOCIBTE D»9 USCraS CH2MIQT7BS 

Bhofb-Poulknc, a l^tendx Body Carpor- 
ate, of 22 Rne Jean-Gonjon, Paris, S^rance, 
do heroby deolaie the inTention for which 
5 we pray ^t a patent may be granted to ns, 
and the method by which it is to be per- 
fonned to be particnlarly described in and 
hy the fdlowing statemOTt : — 

The preeent invention is for improvements 
10 in or reialang to sepaiation of organio 
jnUtureb and more partioolady concerns a 
p rDceee for tiie separation of Hie com* 
ponents of mictoree of one or more aliphatic 
znonoc^boxylic adds with water and form- 
15 idddiyde, which mixture s may also contam 
ketones of lower boQing point thaai the acid 
cor adds. 

Ibe intuition is espedally directed to the 
separation of the components of mixtures of 

20 formic add« acetic add, wat^ and formalde- 
hyde, which may ia addition contain aoetone ; 
saoh materials bdng for example ae obtained 
by the cataJytio oridatinn of acetone by 
mesms of molomlaz oxygen. The separation 

25 from (me another, even in only a tmhnind 
state of purity, of the oomposflnts of sudi 
mixtmes cannot be carried oat without 
emi^)ying comj^ioated means involving a 
cftnwdffrable expenxlitare of heat. 

30 It is the prinoipal object of the present 
invnnticHX to prodoce &om mixtcree as 
afiooKsaad, in a simple manner emd withont a 
oondderable expenditure of heat> (a) anhy- 
droua acid or adds substantially &ee frcnn 

85 farmaldehyde and ketone (wiien pcesent)i 
(b) an aqueous formaldehyde solution sub- 
stantially free from acid, uid (o) ketone 
(whan presBut) fiubstantialiy firee &om form- 
aldehyde and acid. It is a fnrtiier object 

40 of invention, in the case of mixtures 
resulting from the catedytic oxidation of 


acetone, to provide a process £ar the xeooveiry * 
of the anhydxouB adds £cee &om fozmalde* 
hyde and aoetone (tiros fodEtating the subse- 
quent separation of indxvidaal adds), an 45 
aqoeons sohxtian of formalHfthyde &ee &om 
acidity, and £na]ly acetone containing only 
traces of fonnaldehyde. 

The preeent inv«itian broadly oomprisee a 
process for the separation of u^sfol products 60 
from a mixture of one or more aliphatic 
monooarbox;piio adds, water and formalde- 
hyde, wherein the said mixture is subjected 
to rectifioatiou in a distillation colnnm in the 
presence of an anxitiafy organio liquid 65 
whereby to form an ezeotropio mixtme 
having a bci£ng point lower uh^a! that of 
said add or aaids, said auxiliary Hqmd being . 
substuiti^y insoluble in water and being 
oapable of forming with water and formaldfr- 60 
h^^ie, but not with said aoid or adds, said 
aeeoiaropic mixture, recovering substantially 
anhydrous add or adds &om tihe base of ^ 
cohiimi, oondansing the vapour phase of the* 
odnmn to a heterogeneous liqpdd phase 05 
^riisrein snbstaTrtaaJly aH the fiirmaldehyde 
is in the form of a substantially add^£raa 
aqueouB solution and &eparatzz]tg sud aqueous 

"Die term "auxiliary orgaiuo liquid" is TO 
used to mean a substance which has the 
pruperUss just redted ^lerefor. .Examples' 
of aoziliMy organic liquids are such eOim as 
di-isopropyl eltier and di-butyl ether, such 
esters as ieo-'propyl and butyl fonnatBS and 75 
aoetatee and such ketones ae methyl «a- 
pro]^ ketone and methyl iaohabyi ketone. 

W nffl T*w*ti ^Ai>:tifyn e£Ei9cted in ilie manner 
hfireiDbefbre described, a ternary azeotaropio 
mixture (auxiliary orguiio liqud-formalde- 80 
hyde- water) forms ntitising the water in the 
system and distils off, leaving practically 
anli^/drouB add or adds in tlm stilL The 
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p ffn diB iw ftt lo n of the OQmpanxids of the azeo- 
txofdc zniztaze grves a distxEate which on 
standing separatea into two layezB, the low^ 
aqoeoos layer contsaning the fotmaldehyde 
o aod bnt a minor proportion of animary 
organio liqoid and the npper layer consisting 
almost wholly of ooziliazy organic liquid. 

If liiere is not sufficient water in the initial 
mixture to obtain the formaldehydfi in the 

10 desired conoentration» the additional quantity 
of water requirBd may be introduced either 
into tiie feed mixture or at any suitably 
chosen point of the distillation cohmm. 
13ie process of the invention, may be 

15 applied to the separation of aqueous mix- 
tores winch contain, in addition to the 
acid(s) Biod formaldehyde, a ketone having a 
IxHlhig point lower thfoi that or i^oae of the 
add or amds present. Such a ketone is 
a<%tone. When the process is so applied, 
the choice of auxiliary organio liquid to be 
employed is more restricted, since it must 
not only possess the characteristics herein- 
befoe vmcered to but must aJso be incapable 

26 of forming either a binary aaeotrope with 1^ 
ketone or a ternary sxeotrope with the 
ketone and the water present and the boiling 
tK^t of the azeotaropic mixture which it 
&rms wiQi f armaldehyde and water must be 

30 between that of the ketone and that of the 
add or (where more than one acid is present} 
of the acid of lower or lowest boiling point. 
This restzioted group of auxiliary organio 
liquid is herein^ter referred to as ketone 

35 auxiliary organio liquids *\ Examples of 
ketone auxiliary organic liquids are MOpropyl - 
formate and wopropyl acetate. Using a 
ketone auxiliary organio liquid, it is possible 
to obtain Ihe ketone free £iom formaldehyde 

40 by introdudng at a suitably ohosen point 
in the reotiiying oohrrrm, situated in the 
lower part of the ketone concentraiaon zone, 
a quantity of water snfficient to displace 
the £arm£Jdehyde towards the plates sita- 

45 ated bekrw "^08 sons. The water thus 
intsodooed may be that which (as already 
mentumed), it may be neoessaiy to zntrodnce 
in <»dsr to obtain the formalfinhyde soktion 
in the desired conoentratian. 

50 It was already known to dishydiate an 
aliphatic carbozyiio add or a mixture of a 
number of ali^iatic carbozylic adds by 
means of azeotropio processes, but it was 
not obvious that such processes would be 

55 appHoable to complex aqueous mixtures of 
the sud adds with formaldehyde and to sudi 
mixtures as also contain ketones, and the 
£aet that aH the formalddiyde is collecfced 
in the aqueous phase of the aseotropio dis^ 

60 tHIate is a novel and unexpected effisot. 

The process of the present invention is 
pref eraUy efiected in an apparatus arranged 
oontannons operation, suoh apparatus 
oompzising a xeuii^iug still having a vertical 

d5 cohmm provided wiUi a spaced senee of 


baffle plates of perforated plate, bubble- 
cap" or other conventianaJ form, a feed 
mixtoie iulet dtoated at about midway of 
the odlnnm, an add coDecfang chamber at the 
bottom of the column fitted with appropriate 70 
heating means and a vapour oul^t at the 
top of the column. The vapour outlet is 
connected to a condenser feeding condensate 
to the mid-section of a decanter ta:^ fitted 
with two outlet conduits, one at the top, 75 
which is connected to the top of the recti- 
fying column, for draw-off and retnm to 
the oolunm of auxiliary organic liquid and 
the other at the bottom for draw-off of 
formaldehyde sohition. When a ketone is 80 
present in the feed mixture, it collects in the 
decanting tank and is removed with the 
formaldehyde. It is however, posdble to 
remove substantially pure ketone by equip- 
ping the column for fractional distillation 85 
BU(£ that the ketone vapour is withdrawn 
from the top of the column and the less 
volatile aeeotropic mixtoxe vapour ib with- 
drawn at a point intermediate the feed 
mixture inlet and tiie ketone vapour ontkt. 90 
To adiieve substantaally complete separation 
of ketone and formalde^ae under these 
oonditiansi it is preferred, if necessaiy. to 
adjust the quantity of water In the syi^^m 
so that it takes np all of the formaldehyde 95 
present. Any water required for this pur- 
pose is introduced at a point above the 
azeotrope condensatian zone. 

It is usually conv^ient to introduce the 
auxiliary substance into the system separ* 100 
ately from the feed mixture to be separated 
but it can be added to the feed mixture 
before-hand if desired. 

The invention is Olustrated by the following 
jhgamples; the percentages are by wdg^t. 105 

Example I. 
A mixture containing : 

90.4% of acetio add 
4.6% of formic add 
1 . 0% of formaldehyde 110 
4«1% of water 

is introduoed into a column provided at the 
top with a condenser and a decanting system. 

In the column these ia introduced iso- 
propyl ether intended to serve as auxiliary 115 
organic liquid. A heterogeneous aqueous 
pj^ee is oondeosed at the top and decants. 
The aqueous mixture oontams 23^% of 
formaldehyde, 0.3% of wopropyl ether and 
0.01% of adds ; -Uie organic phase is re- 120 
turned into the column. At the bottom of 
the column, a mixture of formic add and 
aoetio add containing oii^ 0.03% of form- 
aldehyde and 0.05% of water is withdrawn. 
T2ie aoids of tills mixture can be separated 125 
from one ftT>ot.>tpr by known means. 

EbULHFLH H. 

Into a column provided with a decanthig 
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3. 


plate at a paint midway of its hei^t is 
in:bxidDoed a miztiire con^osed of : 

55.4% of acetic acid 
13.5% of fbxmic add 
5 18.0% of acetone 

8.7% of fotmaldehyde 
6.4% of water. 

The colamn is charged with Mopropyl 
acetate, ba ketone aoxfUary organic Uquid. 
10 ThB miztore is introdnced at the centre of 
the lower part of the column at the rate of 
7 kg. per honr. 2 lilzes of water -per hxm 
are introdaoed at the middle of the upper 
pezt. 

15 1.150 kg. of acetone containing neither 
iaopropyl acetate nor acids, and ouly 0^% 
of fannaldohydc eaid 0.2% of water are 
witiidr&wn per hour at the top of the column. 
On the decajiting plate, thoe are separated 
20 the uopropyl acetate which retums into the 
oohmm, aod an aqueous layer containing 
15% of fozmaldehyde, 3% of acetone, 2% of 
womtypyi acetate and at most 0.05% of 
aeras. Jtiam: this mixture a pure fazznalde- 
25 hyde eolutloa oan readily be obtained. 

At the bottom of the colmui, 4.91 Jsg, per 
boor of tile mixtoxe of formic aoid and 
acetic acid oont>aining only 0.1% of water 
and 0.05% of formaldehyc^ are withdrawn, 
'30 from whidh mixture the pure formic add 
aod the pure aoetic add can be sepamted 
without di£Scii]ly. 
What we claim is : — 

1. A proeesB for the separation of useful 
35 prodacte from a mixture of one or more 
ahphatio monoc^boz3^c acids, water and 
formaldehydB which comj^ises subjecting the 
sud mixture to rectiication in a diRtillation 
cclnmn in the presence of an auxiliary 
40 oigamc liquid whereby to farm an azeo> 
tropic mixture having a boiling point lower 
than that of eaid add or acidfi, said auxiliary 
liquid being substantially insoluble in water 
and behig capable of farming with water 
45 ami formaLdehyde, but not witui said add or 


adds, Baid azeotropLc mixture, recorering 
substantially anhydrous add or adds from 
the base of Hub colmmi, condensing the 
vapour phase of the cohuam to a hetero- 
geneous liqmd phase ^^lerexn substantialh^ 60 
all the fotmaldBhydB is in the fixrm of a 
snbstaiiiiaUy aood-free aqueous Bolatian and 
aepaiating said aqueous formaldehyde solu- 
tion there&om. 

2. A process aocoffding to C3eim I Triierdn 55 
t2ie mixtoxe also <tfwvfeA,^n'y a ketoDB of boiling 
point lower than the add or »vddft psessnt^ 

the aujdlii^ organic Hqmd is nn^ "wiiioh is 
incapable of forming a binsxy azeoirope with, 
the said ketone or a ternary azeotrope with" €0 
ihB said ketone uid water, but which, forma 
an azedzopio mixture with, fozmaldehyde 
emd water having a boiling point greater 
than that of the ketone but lower than that 
of the lowest boiling add present in the 65 
mixture, and the ketone is separately re- 
covered substantially fr^ &om fo£znalde&yde. 

3. A process according to Claim 1 whaxan 
tile vapour phase containing walsr, form* 
alddiyoe ana auziiiBry organic liquid is 70 
wititu&awn &am the top of the column. 

4. A process aocordmg to Claim 2 wberezn 
the xectifioatian is effiBcted in a vertical dia- 
tillstion oolomn provided witli a deoantang 
plate about midway of its height, the adS 75 
or adds are withdrawn &om the base of the 
column, a mixtare consisting of foimalde- 
hyde and water with traoes of ketone and 
acid is witiidrawn at the HArA-nfrrT^g plate^ and 
BubetantiAlly pure ketone is withdrawn at 80 
the top of the column. 

5. Processes for the separatian of mix« 
tures of al^hatio monocarboxylic add, water 
and formaJdehyde^ and optumaQy ketone, 
into usefol individual compoundB, sabstaa- 85 
tially as hereinbefore deficribed. 

For the Applicants : 
J. A. KEMP & CX)., 
Chffftered Patent Agents, 
Bank Chambers, 
320 High Holbom, London, W.C.1. 


PROVISIONAL SaPECDFICATION. 

Imiiaraivexnaiis in or relatfaig to the Sepacaiaaa of QrgaDic ODSztaraL 


We, SoGiBTB Djsa Uanras Chibiiqites 
RH02rx-Pox7LE370, a ^ench Body Corporate, 
of 21 Bue Jean-^ujon, Paris, Praiuie, do 

-QQ herel^ declare this inventdon to be deeczibed 
in the following statement : — 

Th» present invention is for improvements 
in^ or relating to the separation of orgeyoic 
mixtures and more partieularly conomis a 

05 process for the separation of the com- 
ponents of mixturBB of one or more aliphatic 
monooarbQxylic adds with water and fozm- 


aldehyde, which miztnres may aSao contain 
ketones of lower boiling point- than the add 
or adds. 100 

13ie inventian is especially directed to Hie 
separation of the componenlB of mixtmes of 
formio add, acetic add, water and formalde- 
hyde, idiich may in addition AAnfiLm aoetone ; 
such Tnatmals being for example as obtained 105 
by the catalytic nTifi«±ifni of acetone by 
meaofi of molecular oxygen. The separatian 
one another, eren in only a technio^ 
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state of pimty, of the components of such 
mixtmes cannot be catrifid out wifehout 
employing oamplieated means involving a 
coneider&ble ezpenditcre of heat. 
6 It is the principal object of the prefient 
isvipation to prcdnoe firom nnxtores as 
aforesaid. In a simple mannes* and without- a 
oandderable es^enditare of heat, (a) anhy- 
droos add or adds Bubsfcaiitially free from 
10 formaldehyde and ketone (when present), 
(b) an aqueous formaldehyde solution sub- 
stantially free from add, wad (c> ketone 
(when present) substantially free from form- 
aldehyde and add. It is a further object of 
15 this invention, in the case of mixtures 
resnlting from the catalytic oxidation of 
acetone, to provide a process for the recover}' 
of the anhydrous aads free from formakie- 
hyde and acetone (thna facilitating the subae- 
20 quent separation of the individnal adds), an 
aqueous solution of formaldehyde free from 
acidity, and finally acetone containing only 
tzaces of fonnalddiyde. 
The present invention broadly comprises a 
26 process for the aepariation from mixtures of 
one or more aliphatic monocarbozylio adds 
with water and fbimaldehyde, of the add 
or mixture of addis in substantaally anhydrous 
and formalddiyde-fiee state and of the 
30 foimiddehyde in the form of a substantially 
add-free aqoeous solution, wherein the initial 
wwfrfaTw* is rectified in the presence of an 
MTiHflj y ptodoct as hfirehsaifter defined. 
The term "aaxxHiai^ product" as used 
35 herem means a substance which is practically 
inBoluble in water and forms with water, 
but not with the said anhydrous add or 
adds, sai aaeotropic mixture ha^ng a boiling 
point lover than that of thjB said add or of 
40 the said adds. Examples of auxiliary pro- 
ducts are such ethers as di-wopropylether 
and <fi-butyl ether, such esters as taopropyi 
and butyl formates and acetates and such 
ketones as methyl iaopropyl ketone and 
45 methyl isobutyl ketone* 

When rectification is efiEleated in the manner 
hereinbefore described, a teinary azeotpopic 
mixtare (audliazy prodnct-foimaidehyde- 
water) forms ntSidng the water in the 
60 BTStem and distdb o£^ leaving practically 
uhydxoDB add or adds in the stilL The 
fCTwmPftt^"^ of the compounds of the azeo- 
tmme ndxtote gives a distillate whidi on 
efai^fiUng pepazotes into two layeis, the lower 
05 aqneooB layer containing the form^ehyde 
and but a minor proportian of auxiliaiy 
ptodnct exd the Tipper, layer con s is t i n g 
ahnoet whofly of auxflkry producL 
If lixere is not sufSdent water m the 
eo inilaal mixture to obtain the formaldehyde 
ia tlie dedred concentration, the additional 
qnantity of water required may be intro- 
duced either into the feed mixture or at any 
niitably chosen point of the distillation 
65 eoSomn. 


The process of the invention may be 
applied to the separation of aqueous mix- 
tures that in addition to the add(8) and 
formaldehyde also contain a ketone having a 
boiling point bw«r than tiiat or those of tiie 70 
add or adds present. Such a ketone is 
acetone. When the process is so applied, the 
chdce of auxiliary product to be employed 
in more restricted, that is to say it must not 
onlv possess the characteristics herdnbe£ore 76 
refored to but must also be incapable of 
forming dther a binary azeotropic with the 
ketone or a tertiary azeotropic with the 
ketone and the water present and the 
boiling point of the azeotropic mixture which 80 
it does form must be between that of the 
ketone end that of the add or (where more 
than one add is present) of the add of 
low« or lowest boiling point. Sudi re- 
stricted class of auxiliary products is herein- 86 
aft» referred to as ''ketone auxiliary 
products'*. Examples of ketone anxilia^ 
products are Mtojiropyl formate and mo- 
propyi acetate. iJdng a ketone auxiliary 
product, it is possible to obtain the ketone 00 
free from formaldehyde by introducing at a 
suitably chosen point in the rectifying 
cohmm, eituarted in the lower part of the 
ketone concentration zone, a quantity of 
water suffident to displace the formaldehyde 95 
towards the jJates situated below this zone. 
The water thus introduced may be that 
wiiich (as already mentioned), it may be 
necessary to introduce in order to obtain the 
formaldehyde solution in the desired con- 100 
oentration. 

It was already known to dehydtate an 
fi ]j p hAHft carboxylic add or a mixture of a 
number of alij^tic carboxyiio adds by 
means of azeotrtmic processes, but it was not 106 
obvious that suoh processes would be applic- 
able to complex aqueous mixtures of the said 
adds with f ormaWehyde and to sudi mix- 
tozen as also contain ketones, and the fact 
that all the formaldehyde is collected in the 110- 
aqueous phase of the azeotropic distillate 
is a novel and unexpected e£E6ct. 

The process of 'die present -invention is 
preferably effected in an apparatus uxanged 
lor oontinaona operation, such apparatus 11& 
compiieing a rectifying still having a vertical 
column provided witii a spaced series of 
baffle ^es of perforated plate, bubble- 
cap" or other convention^, form, a feed 
mixture mlet situated at about midway 120 
of the column, and acid collecting ohamtor 
at the bottom of the column fitted with 
appropriate heating means and a vapour 
outict at the top of the column. The vapour 
outlet is connected to a condenser feeding 125- 
condensate to the mid-section of a decanter 
tank, fitted with two outlete conduits, one 
at the top, which is connected to the top of 
the rectifying column, for draw-off and 
return to the eolnmn of auxiliaiy product 130 
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and the other at the bottom for draw-off of 
formald^yde sohilian. When a ketone is 
pnsaiit In the £B8d tnyxtnie, it oolleotB in tiie 
nncMTtnig took and ia xemoved with the 
foiuuJde&vde. It is however, possible to 
ranove snbstazitii^ pore hB^xme by eqinp- 

ntha cdhmm lor &aotiona} ifaHDatian 
that tiie ketone ywpoar is witiidrawn 
from the top of the oolmnn and the leas 
10 volAtfle azeotroplo miztnre vapour Is with-- 
drawn at a point intermediate thB feed 
miztme inlet and Ihs ketone vaponr onlilet. 
To achieve sohstaotiaQy complete separation 
of ketone and fannaldehyde onder these 
Id oondztiana, it is pie&tred, if necees^, to 
adjust the (jnautity of water in the system 
80 that it takes up aU of the f onnahLahydd 
preeent, Any water required for this pur- 
pose is hrtrodnoed at a poini above tiie 
20 azeotzope condeosataon zone 

It is nsoally ooxrvenient to introduce the 
anziHaiy proiict into the system separately 
from Hie ieed mixtnre to be Separated btct 
it can be added to the feed mixtnze before- 
25 hand if desned. 

The invezttaon is illnstrated by the follow- 
ing Sztttsplea; ihe pereentages ore by 
weight. 

36 A mixture oontaining : 

90.4% of aoetac add 
4.5%af fazmio aoid 
1 «0% of fbrm^dehyde 
4.1% of water 

86 is iniaroduoed into a colonm pETOvided at the 
top with a condenser and a decanting 
system. 

Into the cohmm Uiere is introdnced iso- 
propyl ether intended to serve ae auxiliary 

40 prodnct. A heterogeneons aqneons phase is 
conrlftnsed at the top and dftoants, T3ie 
aqneoos miztnre oontams 28.2% of form- 
aldahyde, 03% of atzzfliory product and 
0.01% of adds; the orgamc phase is re- 

46 ksnsd into the cdiimm. At the bott om of 


the cohimn, a wi^ii.n ri p of formic add and 
acetic add onfntAfning only 0.03% of form- 
aldehyde and 0.05% of water is withdrawn. 
The adds of this mixtare can be sepcsated 
ffoxn one another by isiown TnAnna , 50 

Example JL 
Into a colnmn provided with a decanting 
plate at a point midway of its hd^t is 
iotrodiioed a mixtare oamposed of: 


tadd 
foQsoio acid 


water 


-65.4% 
15.6% 

15% 
6.7% 
6.4% 


13ie oolmmi is changed with Mcpropyl 60 
acetate, as ketone auziHaxv product. The' 
mixtare is introdoced at i3i& centre of the 
lower part of the cohmm at the rate of 7 hg. 
per hour. 2 litres of water par iunir are 
introdciced at Uie middle of the upper part. 65 

1.160 kg. of acetone oontaimng nemter 
aoziliaEy product nor acids, and only 0.2.% 
of focznaldehyde and 0.2% of water ore 
withdxawn. per hour at the tisp of the oolnnm. 

On the deoanting pl&te^ l^ere are separated 70 
the anxfliaty product, which returns into the 
cohmm, and an aqueous layer contaming 
16% of fozmaldfihyde, 3% of acetone, 2% 
of aaziHsry prodnct and at moat 0.05% of . 
adds. From this mixture a pure formal dc^^ 75 
hyde sohitaon can readily be .obtained. 

At the bottom of the oohnzui, 4.91 hg. 
per hour of the nUyrtucB of fomiic ^m id and 
acetio add confatnTng on^ 0.1% of water 
and 0.05% of fonnaldehyde are withdrawn, 6& 
£com which mixture tibe pnre fonnic add and 
the pure acetic add can be separated without 
di£&coli?^a 

Par t he Ap plioanta : 
J. A. KESaP & CO., 
Chartered Patent Agents, 
Bank Chambers* 
329 High HoIboeQ, London, W.G.1. 
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